Poly(ADP-ribosylated) histones in chromatin replication.
Poly(ADP-ribosylation) of histones and several other nuclear proteins seem to participate in nuclear processes involving DNA strand breaks like repair, replication, or recombination. This is suggested from the fact that the enzyme poly(ADP-ribose) polymerase responsible for this modification is activated by DNA strand breaks produced in these nuclear processes. In this article I provide three lines of evidence supporting the idea that histone poly(ADP-ribosylation) is involved in chromatin replication. First, cellular lysates from rapidly dividing mouse or human cells in culture synthesize a significant number of oligo- in addition to mono(ADP-ribosylated) histones. Blocking the cells by treatment of cultures with 5 mM butyrate for 24 h or by serum or nutrient depletion results in the synthesis of only mono- but not of oligo(ADP-ribosylated) histones under the same conditions. Thus, the presence of oligo(ADP-ribosylated) histones is related to cell proliferation. Second, cellular lysates or nuclei isolated under mild conditions in the presence of spermine and spermidine and devoid of DNA strand breaks mainly synthesize mono(ADP-ribosylated) histones; introduction of a small number of cuts by DNase I or micrococcal nuclease results in a dramatic increase in the length of poly(ADP-ribose) attached to histones presumably by activation of poly(ADP-ribose) polymerase. Free ends of DNA that could stimulate poly(ADP-ribosylation) of histones are present at the replication fork. Third, putatively acetylated species of histone H4 are more frequently ADP-ribosylated than nonacetylated H4; the number of ADP-ribose groups on histone H4 was found to be equal or exceed by one the number of acetyl groups on this molecule. Since one recognized role of tetraacetylated H4 is its participation in the assembly of new nucleosomes, oligo(ADP-ribosylation) of H4 (and by extension of other histones) may function in new nucleosome formation. Based on these results I propose that poly(ADP-ribosylated) histones are employed for the assembly of histone complexes and their deposition on DNA during replication. Modified histones arise at the replication fork by activation of poly(ADP-ribose) polymerase by unligated Okazaki fragments.